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Introduction

As many were made acutely aware during the initial period of the COVID 19 pandemic in the spring of
2020, there is the potential for viral infection through fomites, inanimate objects can be contaminated
with pathogens. Although transmission through fomites was shown to be only a minor component of
the SARS-CoV-2 pandemic [1], this mode of transmission can be more prevalent with other viruses [2, 3].
Understanding the persistence of viruses in the environment by assessing virus viability in different
types of samples, such as liquid, aerosol, and surfaces, can be important in formulating infection control
both for naturally occurring outbreaks as well as in the case of an intentional release of a biothreat
agent [4].

Alphaviruses are enveloped viruses with RNA genomes and include viruses of importance to human and
animal health as well as ones that have been identified as potential biothreat agents [5]. There are only
limited studies on the persistence of alphaviruses. In one study Chikungunia virus was shown to be
infective for over 60 weeks when stored refrigerated in sterile distilled water in the dark [6]. Likewise
Venezuelan equine encephalitis virus (VEEV) was stable in distilled water at 4 °C with essentially no
decrease over 21 days, while when samples were kept at room temperature (21 °C) there was a steady
decrease in viability over the three weeks [7]. Another study examined the persistence of VEEV and
other viruses of concern when dried onto solid surfaces. This work showed that the VEEV was more
resistant to deactivation than either Lassa virus or Ebola virus, with 90% reduction in viral load on a glass
surface at 98 hours; the loss of VEEV viability was similar on glass, metal, and rubber surfaces [8]

We examined the persistence of VEEV after exposure to three different types of materials: natural
pumice, activated carbon, and copper foam. These materials were chosen as they have the potential to
be compatible with air filtration. For each of the materials we examined at least two different
grades/porosities, and tracked the infectivity of VEEV exposed to the materials. This work adds to the
data on the persistence of VEEV, and may provide information about the ability of these surfaces to
inactivate viruses.

Material Characterization

Three materials types were evaluated for their efficacy at inactivating viruses, including natural pumice,
activated carbon, and copper foam in two conditions (exposed to water vapor and with the surface
oxide reduced). For each material type, the specific surface area (i.e. porosity) was also varied to
explore the influence on the amount of material surface available to virus on the virus survival (for a
constant viral loading).

Manuscript approved January 17, 2023.



Two grades of natural pumice were studied; Hess Grade 3/4 x 3/8 and Hess Grade 3/8 x #8. While Hess
Grade 3/8 x #8 has a slightly smaller manufacturer quote primary particle size, both are expected to
have high porosity levels which consists of large-scale porosity and a natural ultra-fine nano-porosity.
Figure 1 shows Scanning Electron Microscopy (SEM) of the pumice surfaces showing that porosity exists
at various length scales, ranging from the 10’s of microns down to the nanometer scale. Imaging on
these samples was performed on a fractured surface of the pumice in low vacuum mode (30 Pa). The
low vacuum mode allowed SEM imaging without a conductive coating on the samples. There was no
notable difference in the SEM observable microstructure between the two pumice grades.
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Figure 1: Scanning Electron Microscopy (SEM) of Hess natural pumice surface (Hess Grade 3/4 x 3/8).



The size of the nanoporosity was quantitatively determined from X-ray diffraction analysis. Using X-ray
diffractometry (XRD) performed in the region of so-called first sharp diffraction peak (FSDP), the
nanovoid structure can be determined in light of the Elliott model [9, 10]. This FSDP can be distinctly
observed in 2 8/ 8 scans using Cu Ka radiation.

Within Elliott’s model, the interlayer separation, quasi-periodic in nature with an effective periodicity, R,
can be calculated from the position of the FSDP in respect to the magnitude of the scattering vector Q1:

Q1=4nsin 8 /A and R=21t/Q1

The correlation length, L, over which quasi-periodic, real-space density fluctuations take place, can be
calculated from the full width at half maximum (FWHM) AQ1 of the FSDP: L=2rt/AQ]1.

Figure 2 shows the FSDP XRD pattern for the two pumice grades. Based on the calculations using the
above equations we have calculated the diameters of the fine scale voids (porosity) to be 7 A and 6 A for
Hess Pumice 3/8 x #8 and 3/4 x 3/8, respectively.
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Figure 2: FSDP XRD pattern for the two pumice grades

For activated carbon materials, activated carbon felts with 4 different surface area levels were explored;
CeraMaterials Activated Carbon Felt ACF1000, ACF1300, ACF1500, and ACF1600. ACF1000 has the
lowest surface area and ACF 1600 has the highest surface area. SEM micrographs of ACF1300 and
ACF1600 are shown in Figure 3. The felts are shown to be fiber matts with different fiber thicknesses
where the higher surface area felts have smaller fiber diameters. Nanoporosity within the fibers is not
observed in SEM micrographs, nor is it expected to exist in the felt fiber matts.



Figure 3: SEM micrographs of ACF1300 and ACF1600 CeraMaterials Carbon Felt

For copper, copper foams with 2 different porosity levels were explored; ERG’s Duocel Copper foam (40
pores per inch) compressed by 27.7% and 65.7% to vary to exposed surface area (i.e., effective porosity).
It is expected that the copper foams will form a copper oxide film on the surface of the foam structure
during the autoclave step prior to viral studies. Therefore, a set of copper foams were treated in
forming gas (10% H2/90% Argon) at 450°C as a sterilization step in lieu of autoclave sterilization and
stored in argon without exposure to ambient. SEM micrographs of two of the copper foams are shown
in Figure 4; ERG Duocel Copper foam compressed by 27.7% and 65.7%. The foam compressed to 27.7%
has significant open porosity, while the open channels in foam compressed to 65.7% are much smaller-
potentially provided less surface area for viral interaction. Similar to the carbon felt, Nanoporosity
within the foam matrix is not observed in SEM micrographs, nor is it expected to exist.
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Figure 4: SEM micrograps of two copper foams.




Viral persistence on exposure to different materials

First each of the materials was subject to sterilization by autoclave or as described above for the copper
foam. We used the vaccine strain of VEEV (TC83) for these experiments.

To assess viral infectivity, approximately 1500 plaque forming units/mL of TC83 in culture medium
supplemented with 2% fetal bovine serum and antibiotics were incubated with the material for various
time points up to 48 hours at room temperature, 22 °C with gently shaking. The virus solution at each
time point was plated on Vero cell monolayers and stained with neutral red for 18 hours as described
previously [11]. The titer was measured by counting plaques in each well. The percent of viral survival is
the plaque numbers at each time point divided by the number of plaques at 0 hours. Control samples
contains only virus without added material. At least two biological replicates of each condition were
performed and the average and standard deviation are plotted.

We evaluated the effect of the two grades of pumice, 4 carbon felts and 4 Cu foams on VEEV TC83
viability up to 48 hours. Results from the pumice are shown in Figure 5. Our data indicate that the titer
of TC 83 decreased to less than 50% in the first 6 hours and less than 20% in 24 hours for both grades of
pumice. We examined three different sizes of pumice particles by weight, ranging from 0.11 to 0.24 g,
for each grade. All three pumice particles for each grade consistently show the decreased survival rate
relative to the control. In all cases, the survival titer was much lower in grade 3/8x#8, suggesting the
larger surface area for 3/8x#8 (larger size for this grade) inactivates more viruses as reflected in the
lower titer.
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Figure 5: Measurement of pumice toxicity effect on TC83 titers. Approximately 200 TC83 viral
particles were mixed with pumice samples for 0, 1, 3, 6, 24, and 48 hours. Following incubation, the
number of plaque forming units (pfu) was measured on host cells, Vero cells. The percentage was
normalized to the pfu numbers obtained from 0 hours.

Activated Carbon Felt, ACF1000, ACF1300, ACF1500, and ACF1600 were mixed with TC83 up to 48 hours
for the initial test. Each of these materials has different surface areas, with ACF1000 having the lowest
and ACF1600 the highest. The carbon felts absorb the viral solution, so we shortened the mixing time to
6 hours as indicated in Figure 6. Our data suggests that only the carbon felt with the highest surface area
,ACF1600, significantly reduced the viability of the TC83 compared to the control.



Toxicity of Activated Carbon Felts
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Figure 6: Assessment of toxicity of activated carbon felts on TC83 titer. Four types of carbon felts
treated with different temperatures and the same size of a small sheet from each type was mixed
with the same amount of TC83 and the titer was measured at 0, 1, 3, 6 hours.

Copper foams with two porosities (40 pores per inch compressed to 27.7% and 65.7% dense) were
examined. First the copper foam samples were sterilized using two different methods; one set treated in
forming gas (10% H2/90% Argon) at 450°C and the other autoclaved. Materials from each procedure
were used to mix with VEEV TC83 for up to 48 hours in the initial tests. In these tests, we observed no
TC83 survival at the first time point (1hour). We redid the experiment over a shorter time course of up
to 90 minutes as indicated in Figure 7, looking at virus viability at 0, 5, 15, 30, 60 and 90 minutes. Our
data show that both copper foams with low and high porosity contents completely inactivated TC83 in
30 minutes. The 27.7% sample sterilized by the gas treatment appears to have slightly increased the
toxicity of copper to TC83, however this will need to be examined in a larger number of samples to
determine if this difference is reproducible.



Toxicity effect for Cu films
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Figure 7: Toxicity measurement for copper foam. Copper foam treated with forming gas at 450 °C is
abbreviated as HCu. For each sterilization method, copper foam with two different porosities were
mixed with VEEV TC83 and the titer was measured at 0, 5, 15, 30, 60, and 90 minutes.

Discussion and Conclusions

Overall, we have seen the toxicity effects of different materials on VEEV strain TC83 viability. With both
the pumice samples and carbon felt, the material with the larger surface area was more effective at
inactivating the virus suggesting that use a “filtration” material will increase effectiveness as a viral
suppressant. Our findings are consistent with studies that have shown decreased persistence of
enveloped viruses on porous surfaces, such as curtains or cotton gowns, versus stainless steel or plastic
[12, 13]. Among the types of samples tested, copper most significantly inactivated viruses. Our result
suggesting that the alphavirus can only survive on copper surface less than 1 hr, is consistent with other
scientific reports that Cu is quite toxic to microorganisms [14, 15].

We show preliminary evidence that exposure to natural pumice may have utility in reducing viral
persistence. It is not clear if the pumice material were truly toxic to the VEEV TC83 or if the virus is
adsorbing to the surface as adsorption could also explain the reduced titer. Similarly the virus might
have adsorbed to the activated carbon felt sample that showed a decrease in viable virus. Nonetheless,
capturing virus by adsorption has the potential to inhibit spread of viruses. Many factors influence viral
viability, such as temperature, exposure to sunlight, and absolute humidity. A systematic study of the
pumice and carbon felt, including recovery of viruses dried on material at controlled temperature and
humidity will be needed to determine their utility for viral inactivation.
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